Mitochondrial defects can have significant consequences on many aspects of neuronal physiology. In particular, deficiencies in the first enzyme complex of the mitochondrial respiratory chain (complex I) are considered to be involved in a number of human neurodegenerative diseases. The current work highlights a tight correlation between the inhibition of complex I and the state of axonal myelination of the optic nerve. Exposing the visual pathway of rats to rotenone, a complex I inhibitor, resulted in disorganization of the node of Ranvier. The structure and function of the node depend on specific cell adhesion molecules, among others, CASPR (contactin associated protein) and contactin. CASPR and contactin are both on the axonal surfaces and need to be associated to be able to anchor their myelin counterpart. Here we show that inhibition of mitochondrial complex I by rotenone in rats induces reactive oxygen species, disrupts the interaction of CASPR and contactin couple, and thus damages the organization and function of the node of Ranvier. Demyelination of the optic nerve occurs as a consequence which is accompanied by a loss of vision. The physiological impairment could be reversed by introducing an alternative NADH dehydrogenase to the mitochondria of the visual system. The restoration of the nodal structure was specifically correlated with visual recovery in the treated animal.
Introduction
Mitochondria are intracellular organelles that produce most of the molecular energy (ATP) and are also involved in cellular physiology such as Ca 2+ homeostasis, reactive oxygen species (ROS) signaling and apoptosis (Murphy, 2009; Smith et al., 2012) . Because of their central role, the dysfunction of mitochondria leads to a diversity of disorders spanning from neurodegenerative diseases to diabetes, myopathies and cardiomyopathies (Correia et al., 2012; Joseph et al., 2012; Nunnari and Suomalainen, 2012) . The mitochondrial oxidative phosphorylation system consists of five enzyme complexes. The first enzyme complex (NADH: quinone oxidoreductase or complex I) oxidizes NADH and feeds electrons to the rest of the respiratory chain. At the sites of complexes I, III and IV protons are pumped through the membrane and a fifth complex, the ATP synthase, utilizes this proton motive force to produce ATP. Mitochondria have their own DNA (mtDNA). It codes for 13 subunits of the enzyme complexes, of which 7 are in complex I. Many of the so-called mitochondrial diseases are directly linked to complex I deficiencies. Malfunction of complex I could lead to generation of massive amounts of ROS at the site of this enzyme complex (Drose and Brandt, 2012) . Human diseases that are considered to be related to dysfunctions of complex I, either directly or indirectly, include neurodegenerative disorders such as Parkinson's disease, Leigh syndrome, Leber's hereditary optic neuropathy (LHON), mitochondrial encephalopathy, lactic acidosis and stroke-like episodes (MELAS) (Filosto et al., 2007; Schapira, 1998; Sproule and Kaufmann, 2008) . In order to assess the pathophysiological events linked to complex I dysfunction in animals we exposed the visual pathway of rats to rotenone. Rotenone is a very potent and specific complex I inhibitor that has been already used to decipher disease pathophysiology in animals (Sherer et al., 2007; Zhang et al., 2002) . This complex I inhibitor is highly hydrophobic and can therefore cross biological membranes. In the visual pathway, ganglion cells of the retina have axons that span from the eyecup up to their main projection site in the superior colliculus (SC) of the brain. The transmission of neural information over such a long distance relies on elaborated structures. In the optic nerve, axons are tightly covered by layers of myelin derived from expansion of oligodendrocyte membranes. Myelinated axons can conduct action potentials at great speed and with high efficiency. This is enabled Neurobiology of Disease 58 (2013) [281] [282] [283] [284] [285] [286] [287] [288] Abbreviations: complex I, mitochondrial proton-translocating NADH-quinone oxidoreductase; Ndi1, internal rotenone-insensitive NADH-quinone oxidoreductase of Saccharomyces cerevisiae mitochondria; RGC, retinal ganglion cell; SC, superior colliculus; VC, visual cortex; AAV2-NDI1, adeno-associated virus carrying the NDI1 gene; mtDNA, mitochondrial DNA; 8-oxo-dG, 7,8-dihydro-8-oxo-deoxyguanine; ROS, reactive oxygen species.
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